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(57) ABSTRACT

A method of operating a charged particle beam device 1s
disclosed, including focusing a charged particle beam onto
a sample with an objective lens assembly; passing a reflected
light beam through a bore of the objective lens assembly to
an interferometer; and interferometrically determining a
z-position of the sample with the interferometer. A charged
particle beam device 1s disclosed, including a charged par-
ticle beam generator which has a charged particle source. A
charged particle path for the charged particle beam extends
through a bore of an objective lens assembly toward a
sample stage. An interferometer 1s arranged to receive a
reflected light beam which passes through the bore of the
objective lens assembly.
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CHARGED PARTICLE BEAM DEVICE WITH
INTERFEROMETER FOR HEIGHT
MEASUREMENT

TECHNICAL FIELD

Embodiments described herein may relate to charged
particle beam devices for use 1n mnspection, defect detection,
and/or critical dimensioning applications. Embodiments
also may relate to a scanning charged particle beam device
and a method of operation. Embodiments also may relate to
methods of operating a charged particle beam device, such
as a device that includes an interferometer to measure the
position of a sample.

BACKGROUND

Charged particle beam devices have many uses, such as
ispection of semiconductor devices with nanometer scale
features. Modern semiconductor technology 1s highly
dependent on an accurate control of the various processes
used during the production of integrated circuits. Semicon-
ductor wafers can be inspected by charged particle beam
devices 1n order to detect problems. The inspection of waters
or masks for defects can include the examination of the
whole water or mask area. Thus, there 1s a challenge to
ispect a large area at high resolution. Also, 1t 1s desirable to
perform mspection rapidly and accurately so that production
throughput 1s not limited by the inspection process, if
possible.

Scanning electron microscopes (SEM) have been used to
inspect waters. The surface of the waler can be scanned
using a linely focused electron beam. When the electron
beam irradiates the water, secondary electrons and/or back-
scattered electrons, 1.e. signal electrons, are generated and
can be detected.

Water and mask defect inspection 1n semiconductor tech-
nology benefits from high resolution and fast inspection
tools, which may cover full water/mask application and/or
hot spot 1nspection. Electron beams can be used to provide
high resolution inspection of samples so as to be able to
detect small defects. In particular, from the 20 nm node and
beyond, the high-resolution potential of electron beam based
imaging tools 1s 1 demand to detect many defects of
interest. The rapid and accurate acquisition of data from the

sample surface, such as 1n the form of 1mages, 1s aided by an
accurate focus of the charged particle beam on the sample.
Methods to provide a stable focus and/or a stable working
distance between an objective lens assembly and sample are
desirable.

SUMMARY

Herein 1s disclosed a method of operating a charged
particle beam device, including focusing a charged particle
beam onto a sample with an objective lens assembly;
passing a reflected light beam through a bore of the objective
lens assembly to an interferometer; and interferometrically
determining a z-position of the sample with the interferoms-
eter.

Herein 1s disclosed a charged particle beam device com-
prising a charged particle beam generator including a
charged particle source; a charged particle path for the
charged particle beam which extends through a bore of an
objective lens assembly toward a sample stage; and an
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2

interferometer arranged to receive a reflected light beam
which passes through the bore of the objective lens assem-
bly.

Embodiments are also directed at apparatuses for carrying
out the disclosed methods and include apparatus parts for
performing each described method features. The method
features may be performed by way of hardware components,
such as a computer and/or controller. The computer and/or
controller may be configurable, programmable, configured,
and/or programmed, such as by appropriate soitware. Fur-
thermore, embodiments are also directed at methods which
can be carried out by the described apparatus. Embodiments
include method features for carrying out every function of
the apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner 1n which the above recited features can
be understood in detail, a more particular description, briefly
summarized above, may be had by reference to embodi-
ments. The accompanying drawings relate to embodiments
and are described 1n the following:

FIG. 1 shows a schematic drawing of a charged particle
beam device according to embodiments described herein;

FIG. 2 illustrates schematically an interferometer 1n a
charged particle device according to embodiments described
herein;

FIG. 3 shows a schematic drawing of a charged particle
beam device according to embodiments described herein;

FIG. 4 shows a schematic drawing of a charged particle
beam device according to embodiments described herein;

FIG. § illustrates a method of operating a charged scan-
ning device, according to embodiments described herein.

DETAILED DESCRIPTION

Reference will now be made in detail to the various
embodiments, one or more examples of which are 1llustrated
in the figures. Within the following description of the
drawings, the same reference numbers refer to same com-
ponents. The differences with respect to individual embodi-
ments are described. Each example 1s provided by way of
explanation and 1s not meant as a limitation. Further, fea-
tures 1llustrated or described as part of one embodiment can
be used on or 1n conjunction with other embodiments to
yield yet a further embodiment. The description 1s intended
to mclude the modifications and variations.

Without limiting the scope of protection of the present
application, in the following, the charged particle beam
device or components thereol can be referred to as a charged
particle beam device, or “device,” which may include com-
ponents for the detection of secondary or backscattered
particles, such as electrons. Embodiments can include appa-
ratuses and components that may detect secondary and/or
backscattered charged particles 1n the form of electrons,
ions, photons, X-rays and/or other signals which may be
used to obtain a specimen 1mage. As described herein,
discussions and descriptions relating to the detection are
exemplarily described with respect to electrons 1n scanning
clectron microscopes. Other types of charged particles, e.g.
positive 1ons, can be detected by the device 1 a variety of
different instruments.

A “specimen” or “sample” as referred to herein, includes,
but 1s not limited to, semiconductor waters, semiconductor
workpieces, photolithographic masks and other workpieces
such as memory disks and the like. Embodiments may be
applied to any workpiece on which material 1s deposited or
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which 1s structured. A specimen can include a surface to be
structured or on which layers are deposited, an edge, and
typically a bevel.

Herein “uv” and “ultraviolet” are used interchangeably.

Herein, the target distance of the objective lens assembly
can be the distance between the front edge of the assembly
and the plane of focus of the objective lens assembly; when
a sample 1s 1n focus, the z-position of the sample can be at
the target distance of the objective. The front edge of the
objective lens assembly may be that of the focusing optics
of the objective lens assembly; or a detector or other unit
which 1s forward of the focusing optics of the objective lens
assembly. Herein, the optical axis may refer to the optical
axis of the objective lens assembly, and may be centered 1n
a bore of the objective lens assembly.

Herein, a variable length path 1s described which refers to
the variable length of a path of a light beam which 1s incident
and then retlected. The vanable length path may be under-
stood to be part of the interferometer, even when the variable
length path (and/or incident and reflected beams) are sche-
matically shown to extend outside the boundary of the
schematically indicated interferometer.

Herein coaxial and/or parallel beams, paths, and the like
are described with the intent that usual deviations from
geometrical perfection are understood. For example, coaxial
beams and/or parallel beams may be an angle of up to 0.2°,
1°, 3°, or 5°.

FIG. 1 shows, according to an embodiment, a charged
particle beam device 1, such as a scanning electron micro-
scope. The charged particle beam device 1 can be used for
sample inspection and/or lithography, for example. The
device includes a charged particle beam generator 102
which has a charged particle source for generating charged
particles such as electrons. A beam of charged particles can
be generated by the source and accelerating optics. The
charged particles are directed toward a sample 150 by a path
111. The charged particle path 111 for the charged particle
beam 106 can extend through a bore 114 of an objective lens
assembly 110 toward a stage 112. The objective lens assem-
bly 110 can focus the charged particle beam 106 onto the
sample 150. The device can include a light source 1035 which
can generate an initial light beam 160. The mitial light beam
160 can be split with an interferometer 130 which can allow
an incident light beam 265 to be directed to the sample 150.
A mirror 120 may direct the incident beam toward the
sample 150, such as through the bore 114 of the objective
lens assembly 110.

The sample 150 may reflect the incident light beam 265
such that a retlected light beam 170 passes through the bore
114 of the objective lens assembly 110. The path of the
reflected light beam 170 may overlap and/or be coaxial with
at least part of the path of the incident light beam 263. The
incident light beam 265 may be superimposed on the
reflected light beam 170, particularly through the bore 114.
The reflected and/or incident beam can travel a path that
includes a working distance 195 between the front end of the
objective lens assembly 110 and the z-position 190 of the
sample 150. The working distance 195 can be variable, such
as adjustable by movement of the stage 112.

The reflected light beam 170 can be received by the
interferometer 130, particularly after the retlected light beam
170 passes through the bore 114 of the objective lens
assembly 110 from the sample 150. The optical path of the
incident light beam 265 and reflected light beam 170 can
overlap, particularly between the sample 150 and the inter-
terometer 130.
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The device 1 depicted in FIG. 1 has an optional beam
directing assembly 108 which can operate on the charged
particle beam 106 such that there 1s alignment of the charged
particle beam 106 and the incident light beam 265. For
example, the mirror 120 may direct the incident beam
directly along the optical axis 0 of the objective lens
assembly 110, such as through the center of the bore 114. As
depicted 1n FIG. 1, the charged particle beam 106 may
propagate so as to avoid crossing the mirror 120.

The beam directing assembly 108 may direct the charged
particles to pass through the bore 114 of the objective lens
assembly 110, such as directly along the optical axis 0 of the
objective lens assembly 110, and/or through the center of the
bore 114.

Optionally, before passing through the beam directing
assembly 108, the charged particle beam 106 propagates
parallel to the optical axis 0 of the objective lens assembly
110. The beam directing assembly 108 may tilt the charged
particle beam 106, as the beam 106 propagates alongside the
incident light beam 265, such that the charged particle beam
106 propagates at an angle with respect to the optical axis 0
of the objective lens assembly 110. The incident light beam
265 may overlap the charged particle beam 106 in the
objective lens assembly 110. In addition to the beam direct-
ing assembly 108, and 1n an embodiment which may be
combined with any other embodiment, there may be a beam
scanner which may be used for raster scanning and/or
oflsetting the charged particle beam 106.

As depicted 1n FIG. 1, the mirror 120 can be placed
upstream from the beam directing assembly 108. The mirror
120 can be placed between the beam generator 102 and the
beam directing assembly 108. The mirror 120 can be adjust-
able, such as to aid in aligming the light beam(s) and the
charged particle beam 106. The incident light beam 265 can
be aligned to propagate through the bore 114.

At the sample 150, the charged particle beam 106 and the
incident light beam 265 may be within 1 mm of each other.
Alternatively/additionally, the beams may overlap, such as
strike the same spot.

The objective lens assembly 110 can focus the charged
particle beam 106 onto the sample 150 and/or collect
clectrons from the sample 150 for imaging and/or detection.
The objective lens assembly 110 may include focusing
optics 119 for the charged particles and may optionally
include a charged particle detector 180. The optional
charged particle detector 180 may be at the front end of the
objective lens assembly 110. The charged particle detector
180 may detect charged particles, for example photoelec-
trons generated by the incident light beam 2635 and/or
primary or secondary scattered charged particles (e.g. elec-
trons) from the surface of the sample 150.

The charged particles of the charged particle beam 106
may pass through a bore 114 of the objective lens assembly
110. The bore 114 (which may be about 1 or 2 mm 1n
diameter; or from 1 to 20 mm or 1 to 5 mm, such as about
S mm, 10 mm, or 20 mm) may also pass the incident light
beam 265 and/or reflected light beam 170. The objective
lens assembly 110 may substantially redirect the path of the
charged partlcles The objective lens assembly 110 may have
little or no eflect on the path of the incident and/or reflected
light beam 170. The incident light beam 265 may strike the
sample 150 to generate the reflected light beam 170 which
may reach the interferometer 130.

FIG. 2 depicts, according to an embodiment, an interfer-
ometer 130 1n a charged particle device 1. The device 1 can
include a processor 240 which can determine a z-position
190 of the sample 150 and/or a working distance 195
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between the front end of the objective lens assembly 110 and
the sample 150, based on output from the interferometer
130. The processor 240 may be communicatively coupled to
the interferometer 130 such as to a detector 210 thereof. The
processor 240 may determine the z-position 190 and/or the
working distance 195 based on the detector output. Alter-
natively/additionally, the processor 240 may be coupled to
another position sensor of the stage 112, such as a capacitive
height sensor. The stage 112 may have capacitive sensors for
X, v, and/or z position which may augment the interfero-
metric determination of z-position. The processor 240 may
be coupled to capacitive sensors for X, y, and/or z-position
and/or an actuator or actuators that move the stage 112 1n X,
y, and/or Z.

Interferometric determination of z-position 190 and/or
working distance 195 may allow for more precise focusing
of the charged particle beam 106 and/or improve the stability
of the sample focus. Interferometric determination may
allow absolute and/or relative position measurements that do
not require calibration, because, for example, the determi-
nation may be ultimately based on the wavelength of the
incident light, e.g. laser wavelength.

The processor 240 may compare the working distance 195
to a target distance 199 of the objective lens assembly 110.
The processor 240 may adjust the z-position 190 of the
sample 150 based on at least one of the z-position 190, the
working distance 195, and the target distance 199. The front
end of the objective lens assembly 110 can be the front end
of a charged particle detector 180 at the front end of the
objective lens assembly 110.

The interferometer 130 can include a beamsplitter 222 for
generating, from the mitial light beam 160, an incident light
beam 265 and a reference beam 280. The interferometer,
particularly the detector 210 thereot, can recerve light from
a superimposed light beam 270 which includes the reflected
light beam 170 and the reference beam 280. Detection of the
superimposed light beam 270 can allow for the determina-
tion of the z-position 190 of the sample 150, and/or the
working distance 195 between the objective lens assembly
110 and the sample 150. The superimposed light beam 270
may be formed at the beamsplitter 222 or at a second
beamsplitter, for example.

The incident light beam 2635 and the reflected light beam
170, in an embodiment, propagate along a path which can
include the bore 114 and can extend between the bore 114
and the sample 150, which may be of variable length. The
variable length path can include the working distance 195
between the front end of the objective lens assembly 110 and
the z-position 190 of the sample 150. The variable length
path can vary depending on a z-position 190 of the sample.
Portions of the variable length path and the charged particle
path can be shared. Such a shared path can include the path
passing through the objective lens toward the sample. The
shared path can be along the optical axis of the objective lens
assembly, and the shared path can be coaxial to the optical
axis.

The reference beam 280 can propagate along an arm of an
interferometer 130, ¢.g. a Michelson interferometer, the arm
optionally having a reference mirror 290 to reflect the
reference beam 280 toward the detector 210. The arm may
extend between the beamsplitter 222 and the reference
mirror 290.

It 1s possible to modulate at least one of the light beams,
¢.g. at least one of the mitial light beam 160, the imncident
light beam 263, the reflected light beam 170, the reference
beam 280, and the superimposed light beam 270. The
modulator can be an acoustooptic modulator, a chopper,
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and/or an oscillating mirror such as the reference mirror 290.
Alternatively/additionally, the light source 105 may include
a modulator, which may be controlled by the processor 240.
Modulation may improve the signal/noise ratio and/or allow
for determination of sample velocity. Alternatively/addition-
ally, modulation may allow for heterodyning. For example,
modulation may enable velocimetry. Laser velocimetry may
not require calibration, which can be advantageous.

The light source 1035 can be suflicient and/or adequate to
generate photoelectrons and/or charge carriers by striking
the sample (e.g. as the incident light beam 265). The light
source can be partially absorbed by the sample. It may be
desirable to simultaneously generate charge carriers and the
reflected light beam 170 when the incident light beam 2635
strikes the sample 150. For example, the light source 105 1s
an ultraviolet laser. The light source can be above the
bandgap of the sample, e.g. above the bandgap of silicon.
The light source can be above the work function of the
sample, e.g. above the work function of silicon. The 1nitial
light beam 160 that 1s generated can be from a visible laser
and/or inirared laser. It 1s may be desirable 1 other appli-
cations particularly to generate the reflected light beam 170
using a laser wavelength below the bandgap of the sample,
¢.g. an inirared laser. An infrared laser may avoid generating
charge carriers and photoelectrons.

It 1s also possible to use, 1 addition to the light source
105, a second light source. The light source 105 may
generate the incident light beam 265, and indirectly the
reflected light beam 170. The second light source may
generate an excitation beam which may be coaxial with the
incident light beam 265 through the bore. The excitation
beam may generate charge carriers and/or photoelectrons by
absorption by the sample, while the light source 105 may be
below the bandgap and not generate carriers and/or photo-
clectrons. The respective centers of the first and second light
beams on the sample 150 may be oflset, e.g. such that the
excitation beam strikes the sample 1s aligned with the focus
of the objective lens assembly 110.

In an embodiment, the beam directing assembly 108 may
direct the charged particle beam 106 to be superimposed on

the light path of the incident light beam 265 through the bore

114 of the objective lens assembly 110.

FIG. 3 shows, according to an embodiment, a charged
particle beam device 1 which includes a beam directing
assembly 108 with a first beam bender 381 and a second
beam bender 382 of the beam directing assembly 108. The
device 1 can have a plurality of beam benders. The mirror
120 can be upstream of the beam directing assembly 108 as
shown. The mirror 120 can be between the beam benders.
The charged particle path 111 can be parallel to the incident
light beam 265 at the mirror 120. The first beam bender 381
can tilt the charged particle beam 106, as the beam 106
propagates alongside the incident light beam 265. The
charged particle beam 106 can propagate at an angle with
respect to the optical axis of the objective lens assembly 110
such as aifter the charged particle beam 106 passes through
the first beam bender 381.

The charged particle beam can be subsequently corrected
with a second beam bender 382 which 1s downstream of the
first beam bender 381. After passing through the second
beam bender 382, the charged particle beam 106 can propa-
gate coaxially with the optical axis of the objective lens
assembly 110. Optionally, the incident light beam 263 is
coaxial with the optical axis of the objective lens assembly
110 after passing through the second beam bender 382.
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Alternatively/additionally, the mirror 120, e¢.g. a beam
mirror, may be between the first beam bender 381 and the
second beam bender 382.

FIG. 4 shows, according to an embodiment, a charged
particle beam device 1 which includes a beam directing
assembly 108 with a first beam bender 381 and a second
beam bender 382 of the beam directing assembly 108. The
embodiment depicted in FIG. 4 also shows a beam oflset
assembly 480 which can have a third beam bender 481 and
a fourth beam bender 482. The beam oflset assembly 480
may operate on the charged particle beam 106 to make the
beam 106 parallel to the incident light beam 265 and/or
optical axis 0 of the objective lens assembly 110 while being
laterally displaced (in x and/or y direction) from being
coaxial.

The mirror 120 may be positioned between the oflset
assembly 480 and the beam directing assembly 108. Belore
the charged particle beam 106 reaches the beam oflset
assembly 480, the charged particle beam 106 may be sub-
stantially and/or nominally coaxial with the optical axis 0 of
the objectlve lens assembly 110.

The oflset assembly 480 can oflset the charged particle
beam 106 such that the beam 106 propagates parallel and
noncoaxially to the optical axis 0 of the objective lens
assembly 110. For example, the charged particle beam 106
1s tilted with a third beam bender 481 such that the charged
particle beam 106 propagates at an angle with respect to the
optical axis 0 of the objective lens assembly 110; and the
charged particle beam 106 may be subsequently corrected
with a fourth beam bender 482 which 1s downstream of the
third beam bender 481. At the mirror 120, the charged
particle beam 106 may be parallel to and offset from the
optical axis 0 of the objective lens assembly 110.

The oflset assembly 480 may allow better control of the
charged particle beam 106 and/or allow for easier alignment
with the incident light beam 2635. It may be desirable to have
the charged particle beam 106 1rradiate a spot of the sample
where the incident light beam 265 strikes the sample 150.
The spot irradiated by the charged particle beam 106 may be
smaller than a beamwaist of the incident light beam 265 at
the sample 150. Alternatively/additionally, the charged par-
ticle beam 106 may 1rradiate a spot displaced from the
incident light beam 2635 at the sample 150. Alternatively/
additionally, the charged particle beam 106 may 1rradiate a
spot within 1 mm of the focus of the incident light beam 265
on the sample 150.

In addition to the beam offset assembly 480 and/or beam
directing assembly 108, the device 1 may include a scanner
which may be for raster scanning the charged particle beam
106 across the sample 150.

An embodiment, which can be combined with any other
embodiment, 1s envisioned in which there are two beam
benders 1n an offset assembly and two beam benders 1n a
beam directing assembly (as depicted in FIG. 4); and an
optional beam scanner for raster scanning.

FIG. § 1llustrates a method 500 of operating a charged
scanning device, according to an embodiment described
herein. The method can include focusing a charged particle
beam onto a sample with an objective lens assembly (see
operation 510); passing a reflected light beam through a bore
of the objective lens assembly to an interferometer (see
operation 520); and interferometrically determining a z-po-
sition of the sample with the interferometer (see operation
530).

By way of example, the following particularly enumer-
ated embodiments are hereby disclosed:
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Embodiment 1. A method (500) of operating a charged
particle beam device (1), comprising:
focusing (510) a charged particle beam (106) onto a

sample with an objective lens assembly (110);
passing (520) a reflected light beam (170) through a bore

(114) of the objective lens assembly (110) to an inter-

ferometer (130);
interferometrically (330) determining a z-position (190)
of the sample (150) with the interferometer (130).
" Embodiment 2. The method of operating a charged particle
beam device of any previous enumerated embodiment, fur-
ther comprising:
passing an incident light beam (265) through the bore
(114) of the objective lens assembly (110); and

generating the retlected light beam (170) by reflecting the
incident light beam (263) off the sample; and optionally
directing the charged particle beam to irradiate a spot of
the sample where the incident light beam strikes the

sample; wherein optionally
the spot 1s smaller than a beamwaist of the incident light
at the sample; and optionally
directing the charged particle beam to within 1 mm of the
spot of the sample.
Embodiment 3. The method of operating a charged particle
beam device of any previous enumerated embodiment, fur-
ther comprising:
determiming a working distance (195) between a front end
of the objective lens assembly and a surface of the
sample (150) based on the z-position (190) of the
sample; and optionally
comparing the working distance (195) to a target distance
(199) of the objective lens assembly (110); and option-
ally
adjusting the z-position of the sample based on at least
one ol the z-position, the working distance, and the
target distance; wherein optionally
the front end of the objective lens assembly 1s the front
end of a charged particle detector at the front end of the
objective lens assembly.
Embodiment 4. The method of operating a charged particle
beam device of any previous enumerated embodiment, fur-
ther comprising:
detecting the retlected light beam (170) and a reference
beam (280) with a detector (210); further optionally
comprising:
superimposing the reflected light beam (170) and the
reference beam (280) to form a superimposed light
beam (270) which 1s detected for interferometrically
determining the z-position (190) of the sample (150).
Embodiment 5. The method of operating a charged particle
beam device of any previous enumerated embodiment, fur-
ther comprising:
creating an 1initial light beam (160) with a light source
(105) such as a laser;
splitting the light beam to form the incident light beam
(265) and the reference beam, such as with a beam-
splitter (222);
directing the incident light beam (265) toward the objec-
tive lens assembly with a mirror (120), optionally
through the center of the bore (114); wherein
the mirror 1s optionally placed between beam benders of
a beam directing assembly; wherein optionally
the 1incident light beam (265) overlaps the particle beam
106 1n the objective lens assembly; wherein optionally
the mcident light beam (2635) and the particle beam 106
propagate, through the objective lens assembly, coaxi-
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ally along the optical axis of the objective lens assem-
bly (110); wherein optionally
the mirror 1s adjustable for alignment.
Embodiment 6. The method of operating a charged particle
beam device of any previous enumerated embodiment, fur-
ther comprising:
generating charged particles with a charged particle
SOurce;
generating the charged particle beam (106) from the
charged particles;
directing the charged particles to pass though the bore
(114) of the objective lens assembly (110) with a beam
directing assembly (108);
optionally directing the charged particle beam (106) to
propagate coaxially with the incident light beam (265)
through the bore (114) of the objective lens assembly
(110) with the beam directing assembly (108); further-
more optionally comprising directing the charged par-
ticle beam with a first beam bender (381) and a second
beam bender (382) of the beam directing assembly
(108); wherein optionally

the mirror (120) 1s upstream of the beam directing assem-
bly (108) or between the first beam bender (381) and
the second beam bender (382).
Embodiment 7. The method of operating a charged particle
beam device of any previous enumerated embodiment, fur-
ther comprising;:
directing the charged particle beam, such as with the beam
directing assembly (108), such that the charged particle
beam 1s superimposed on the light path of the incident
light beam through the bore of the objective lens
assembly (110).
Embodiment 8. The method of operating a charged particle
beam device of any previous enumerated embodiment,
wherein
before passing through the beam directing assembly
(108), the charged particle beam propagates parallel to
the optical axis of the objective lens assembly (110);
and
directing the charged particle beam (106) comprises oper-
ating on the charged particle beam with the beam
directing assembly (108), including:
tilting the charged particle beam (106), as the charged
particle beam 106 propagates alongside the incident
light beam (265), with a first beam bender (381) of
the beam directing assembly (108) such that the
charged particle beam (106) propagates at an angle
with respect to the optical axis of the objective lens
assembly (110); and, optionally
correcting the charged particle beam with a second
beam bender (382) which 1s downstream of the first
beam bender (381) such that the charged particle
beam (106) propagates coaxially with the optical
axis ol the objective lens assembly (110); and,
optionally
the incident light beam (265) 1s coaxial with the optical
axis of the objective lens assembly (110).
Embodiment 9. The method of operating a charged particle
beam device of enumerated embodiment 8, further compris-
ng:
offsetting, with an oflset assembly (480) the charged
particle beam such that the charged particle beam
propagates parallel and noncoaxially to the optical axis
of the objective lens assembly, including optionally:
tilting the charged particle beam (106) with a third
beam bender (481) such that the charged particle
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beam (106) propagates at an angle with respect to the
optical axis of the objective lens assembly (110); and

correcting the charged particle beam with a fourth beam

bender (482) which 1s downstream of the third beam
bender (481) such that the charged particle beam (106)
propagates coaxially with the optical axis of the objec-
tive lens assembly (110); and offset from the optical
ax1s of the objective lens assembly; wherein optionally
the mirror (120) 1s between the offset assembly (480) and
the beam directing assembly (108).
Embodiment 10. The method of operating a charged particle
beam device of any previous enumerated embodiment, fur-
ther comprising:

modulating at least one of the mitial light beam, the
incident light beam, the retlected light beam, the ret-
erence beam, the position of the reference mirror, and
the position of the stage; optionally modulating with an
acoustooptic modulator and/or vibrating reference mir-
IOY.

Embodiment 11. The method of operating a charged particle
beam device of any preceding enumerated embodiment,
turther comprising;:

generating photoelectrons and/or charge carriers by strik-
ing the sample with the light beam.

Embodiment 12. The method of operating a charged particle
beam device of any preceding enumerated embodiment,
further comprising:

generating the mitial light beam with a laser such as a UV,
visible, or infrared laser.

Embodiment 13. A charged particle beam device (1) com-
prising:

a charged particle beam generator (102) including a
charged particle source;

a charged particle path (111) for the charged particle beam
(106) which extends through a bore (114) of an objec-
tive lens assembly toward a stage (112); and

an interferometer (130) arranged to receive a reflected
light beam (170) which passes through the bore (114)
of the objective lens assembly (110).

Embodiment 14. The charged particle beam device (1) of
enumerated embodiment 13, further comprising:

a processor (240) for determining a z-position of a sample
(150) based on output from the interferometer (130);
and

a mirror arranged to direct the incident beam toward the
sample, through the center of the bore, optionally
coaxial to the optical axis of the objective lens assem-
bly:

wherein the mirror 1s optionally adjustable; and wherein
optionally, the optical axis of the objective lens assem-
bly passes through the center of the bore.

Embodiment 15. The charged particle beam device (1) of
enumerated embodiment 13 or 14, further comprising:

a light source for generating an imitial light beam; and
wherein

the mterterometer (113) includes:

a beamsplitter for generating, from the initial light
beam, an incident light beam and a reference beam:;

a detector arranged to receive light from a superim-
posed beam which includes a reflected beam and the
reference beam; and

a variable length path for the incident light beam and
the retlected beam, the variable length path extend-
ing through the bore; wherein

the variable length path varies depending on a z-posi-
tion of the sample;

wherein optionally
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a shared path 1s a portion of the vanable length path and
the charged particle path which passes through the
objective lens toward the sample; wherein optionally

the shared path 1s along the optical axis of the objective

lens assembly, and 5
the shared path 1s coaxial to the optical axis; wherein
optionally

the reference beam propagates along an arm of a
Michelson interterometer,
the arm optionally having a reference mirror to retlect
the reference beam toward the detector.
Embodiment 16. The charged particle beam device (1) of
any of enumerated embodiments 13-135, further comprising
a modulator to modulate at least one of the mitial light
beam, the incident beam, the reflected beam, the ref- 15
erence beam, and the superimposed beam, the modu-
lator optionally being an acoustooptic modulator, a
chopper, or an oscillating mirror such as the reference
MIrrofr.
Embodiment 17. The charged particle beam device (1) of 20
any of enumerated embodiments 13-16, further comprising
a beam directing assembly (108) which optionally
includes a first beam bender and a second beam bender;
and optionally
a beam oflset assembly which optionally includes a third 25
beam bender and a fourth beam bender; wherein
the mirror 1s placed between the first and second beam
benders, or
the mirror 1s placed between the beam oflset assembly and
the beam directing assembly.
Embodiment 18. The charged particle beam device (1) of
any of enumerated embodiments 135-17, wherein
the light source 1s a laser, such as an infrared laser, uv
laser, or visible laser; wherein
the laser wavelength 1s optionally below the bandgap of 35
the sample, or optionally above the bandgap of the
sample such as above the work function of the sample;
for example, the laser wavelength 1s suflicient to create
charge carriers 1n silicon; wherein optionally
the laser 1s suflicient to create photoelectrons.
Embodiment 19. The charged particle beam device (1) of
any of enumerated embodiments 13-18, further comprising:
a second light source which generates an excitation beam
which may be coaxial with the incident light beam
through the bore and may generate charge carriers
and/or photoelectrons by absorption by the sample.
While the foregoing 1s directed to embodiments of the
disclosed device and method of operation, other and further
embodiments of the disclosure may be devised without
departing from the basic scope thereof, and the scope thereof 50
1s determined by the claims that follow.
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The 1nvention claimed 1s:
1. A method of operating a charged particle beam device,
comprising:
focusing a charged particle beam onto a sample with an
objective lens assembly;
passing a reflected light beam through a bore of the
objective lens assembly to an interferometer; and
interferometrically determining a working distance
between the front end of the objective lens assembly
and the sample based on output from the interferoms-
cter, wherein the charged particle beam device com-
prises another stage position sensor for augmenting
said interferometric determination.
2. The method of operating a charged particle beam
device of claim 1, further comprising:

55

60

65

12

passing an incident light beam through the bore of the
objective lens assembly; and
generating the reflected light beam by reflecting the
incident light beam off the sample; and
directing the charged particle beam to irradiate a spot of
the sample where the incident light beam strikes the
sample; wherein the spot 1s smaller than a beamwaist of
the incident light beam at the sample; and
directing the charged particle beam to within 1 mm of a
focus of the incident light beam on the sample.
3. The method of operating a charged particle beam
device of claim 1, further comprising;
comparing the working distance to a target distance of the
objective lens assembly; and
adjusting the z-position of the sample based on at least
one of the working distance and the target distance.
4. The method of operating a charged particle beam
device of claim 2, further comprising:
detecting the retlected light beam and a reference beam
with a detector; and
superimposing the reflected light beam and the reference
beam to form a superimposed light beam which 1s
detected for the interferometric determination.
5. The method of operating a charged particle beam
device of claim 4, further comprising:
generating an 1nitial light beam with a light source which
1s a laser:;
splitting the 1mitial light beam to form the incident light
beam and the reference beam with a beamsplitter;
directing the incident light beam toward the objective lens
assembly with a mirror through a center of the bore;
wherein
the mirror 1s placed between beam benders of a beam
directing assembly; wherein
the incident light beam overlaps the charged particle beam
in the objective lens assembly; wherein
the incident light beam and the charged particle beam
propagate, through the objective lens assembly, coaxi-
ally along an optical axis of the objective lens assem-
bly; and wherein
the mirror 1s adjustable for alignment.
6. The method of operating a charged particle beam
device of claim 5, further comprising;
generating charged particles with a charged particle
SOUrCe;
generating the charged particle beam from the charged
particles;
directing the charged particles to pass though the bore of
the objective lens assembly with a beam directing
assembly;
directing the charged particle beam to propagate coaxially
with the incident light beam through the bore of the
objective lens assembly with the beam directing assem-
bly:
directing the charged particle beam with a first beam
bender and a second beam bender of the beam directing
assembly; and wherein
the mirror 1s upstream of the beam directing assembly or
between the first beam bender and the second beam
bender.
7. The method of operating a charged particle beam
device of claim 2, further comprising:
directing the charged particle beam with a beam directing
assembly, such that the charged particle beam 1s super-
imposed on a light path of the incident light beam
through the bore of the objective lens assembly.
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8. The method of operating a charged particle beam
device of claim 6, wherein before passing through the beam
directing assembly, the charged particle beam propagates
parallel to the optical axis of the objective lens assembly;
and
directing the charged particle beam comprises operating,
on the charged particle beam with the beam directing
assembly, imncluding:
tilting the charged particle beam, as the charged particle
beam propagates alongside the incident light beam,
with a first beam bender of the beam directing
assembly such that the charged particle beam propa-
gates at an angle with respect to the optical axis of
the objective lens assembly; and

correcting the charged particle beam with a second
beam bender which 1s downstream of the first beam
bender such that the charged particle beam propa-
gates coaxially with the optical axis of the objective
lens assembly; and,

the incident light beam 1s coaxial with the optical axis
of the objective lens assembly.

9. The method of operating a charged particle beam
device of claim 8, further comprising:
offsetting, with an offset assembly the charged particle

beam such that the charged particle beam propagates

parallel and noncoaxially to the optical axis of the
objective lens assembly, including:

tilting the charged particle beam with a third beam bender
such that the charged particle beam propagates at an
angle with respect to the optical axis of the objective
lens assembly; and

correcting the charged particle beam with a fourth beam
bender which 1s downstream of the third beam bender
such that the charged particle beam propagates coaxi-
ally with the optical axis of the objective lens assembly;
and

oifset from the optical axis of the objective lens assembly;
and wherein the mirror 1s between the offset assembly
and the beam directing assembly.

10. The method of operating a charged particle beam
device of claim 4, further comprising;:

modulating at least one of an mnitial light beam, the
incident light beam, the reflected light beam, the ret-
erence beam, a position of a reference mirror, and a
position of a stage; and wherein the modulating 1s with
an acoustooptic modulator and/or oscillating reference
MIrror.

11. The method of operating a charged particle beam

device of claim 1, further comprising:

generating photoelectrons and/or charge carriers by strik-
ing the sample with an incident light beam.

12. The method of operating a charged particle beam

device of claim 1, further comprising:

generating an initial light beam with a laser.

13. A charged particle beam device comprising:

a charged particle beam generator including a charged
particle source;

a charged particle path for a charged particle beam which
extends through a bore of an objective lens assembly
toward a stage;

an 1nterferometer arranged to receive a retlected light
beam which passes through the bore of the objective
lens assembly;

a processor for determining a working distance between
the front end of the objective lens assembly and the
sample based on output from the interferometer; and
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another position sensor of the stage for augmenting said
interferometric determination.

14. The charged particle beam device of claim 13, further

comprising:

a mirror arranged to direct an incident beam toward the
sample, through a center of the bore, optionally coaxial
to an optical axis of the objective lens assembly;

wherein the mirror 1s adjustable; and wherein

the optical axis of the objective lens assembly passes
through the center of the bore.

15. The charged particle beam device of claim 13, further

comprising:

a light source for generating an imtial light beam; and
wherein

the interferometer includes:

a beamsplitter for generating, from the initial light
beam, an 1ncident light beam and a reference beam;

a detector arranged to receive light from a superim-
posed beam which includes a reflected beam and the
reference beam; and

a variable length path for the incident light beam and
the reflected beam,

the varniable length path extending through the bore;
wherein

the variable length path varies depending on a z-posi-
tion of a sample;
wherein
a shared path 1s a portion of the vanable length path and
the charged particle path which passes through the
objective lens assembly toward the sample; wherein

the shared path 1s along an optical axis of the objective
lens assembly, and

the shared path 1s coaxial to the optical axis; and
wherein

the reference beam propagates along an arm of the
interferometer, the arm optionally having a reference
mirror to reflect the reference beam toward the
detector.

16. The charged particle beam device of claim 15, further
comprising a modulator to modulate at least one of the mitial
light beam, the incident light beam, the reflected beam, the
reference beam, and a superimposed beam, the modulator
being an acoustooptic modulator, a chopper, or an oscillating
mirror which 1s the reference mirror.

17. The charged particle beam device of claim 13, further
comprising;

a beam directing assembly which includes a first beam
bender and a second beam bender, the beam directing
assembly configured to operate on the charged particle
beam; and

a beam oflset assembly which includes a third beam
bender and a fourth beam bender, the beam offset
assembly configured to operate on the charged particle
beam; and wherein

a mirror 1s placed between the first and second beam
benders, or

a mirror 1s placed between the beam oflset assembly and
the beam directing assembly.

18. The charged particle beam device of claim 185,

wherein

the light source 1s a laser; and

wherein

a laser wavelength 1s below a bandgap of the sample, or
above the bandgap of the sample.

19. The charged particle beam device of claim 18,

wherein
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the laser has a wavelength suflicient to generate charge
carriers and/or photoelectrons 1n silicon.

20. The charged particle beam device of claim 18, further

comprising

a second light source which generates an excitation beam 5
which 1s coaxial with the incident light beam through
the bore and generates charge carriers and/or photo-
clectrons by absorption by the sample.
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